Abstract. How does the change in a firm's capital structure and R&D investment affect the performance of the firm during its development? Exploring the essential characteristics of this mechanism is also an urgent problem to be solved in the field of corporate finance. Based on the 2012-2014 panel data of A-share listed companies in the three industries, pharmaceutical biology, electronics, and information technology, this paper explores the effects of firm size and capital structure on firm performance. Results show that capital structure plays a mediator role in the effect of firm size on its performance; the larger the scale of the enterprise, the higher debt level, and the worse performance of the enterprise. R&D investment plays a positive moderator role between firm size and capital structure. Higher R&D investment will positively moderate the relationship between firm size and capital structure.
Introduction
The Modigliani-Miller (MM) theorem, introduced by Modigliani and Miller (1958) , is the most influential model on capital structure. Under its restrictive assumptions, the model states that the capital structure of a firm is irrelevant to its value. This is often referred to as the capital structure irrelevance principle. Following the footstep of the MM model, many researchers have furthered the study on the effects of capital structure on firm performance. By relaxing some of the original assumptions, researchers developed a revised MM model in 1963.
Based on the goal of firm value maximization and performance optimization, capital structure theory is to study the changes in the ratio of debt capital and equity capital of the capital structure on firm performance, and further examine whether there is an optimal capital structure. With the rapid economic growth and improved capital market, China has brought more good news to its firms by launching the Second Board and SME Board. Listed companies have also seen optimized capital structures, more diverse financing tools, larger firm size, significantly improved management capability, more revenue, and stronger market competitiveness. Under this background, it has vitally practical and theoretical significance to explore the relationship among the size of the listed companies, their capital structure, and their performance.
China aims at basing its economic growth more on the development of its innovation capabilities and productivity, and today, the science and technology enterprises are truly the emerging businesses in modern China. Since the 18th CPC National Congress, with government policy support, China's corporate R&D investment has reached a record high and science and technology achievements conversion rate keep rising. In 2015, China's R&D investment reached RMB 1.40 trillion, keeping an average annual growth of more than 50%, which, when compared with RMB 0.1 trillion of 2013, is a real rapidity. The sustainable and steady R&D investment growth in firms require a huge amount of capital support, which comes more from debt financing than from financial support from the government. The amount of R&D investment of a firm is related to its capital structure composition, thus having significant effects on the performance of the firm.
We believe that capital structure usually indicate a firm's status in business operation and fund utilization, and the debt level of the firm will indicate how well it uses its financial leverage. Firms of various sizes will certainly choose to operate with various debt structures. In general, larger firms have more optional debt structures and are more attractive to investors. This paper intends to make the follow contributions to the field: 1) by using data coming from A-share companies listed on the Main Board, we will explore whether larger firms can achieve increasing economies of scale, and by adding capital structure as mediator variable, explain the internal mechanism of the effect of firm size on firm performance; 2) we use R&D intensity as the moderator, expecting to identify the mechanism of the effect of R&D intensity on the relationship between firm size and capital structure.
Literature Review

Firm Size and Firm Performance
Most issues on firm size are concerned with the theory of economies of scale. According to this microeconomic concept, as the scale of operation of a firm increases, its output will also increase, leading to a decrease in unit cost. In other words, increased firm size will reduce average cost, thus improve the business performance of the firm. Alfred Marshall found two ways to achieve economies of scale: internal and external economies of scale. In modern business environment, however, more and more firms suffer from diseconomies of scale when market uncertainties and incompetent management brought serious challenges to them. Chinese scholars have provided a variety of explanations to this phenomenon.
Zhu Gangti (1994) believe that the size of SMEs does not necessarily mean that they are not able to have access to economies of scale, and the external economies of scale, together with intra-industry vertical integration, can enable small enterprises to obtain comparative advantages. Yuan Guiqiu and Zhang Lingdan (2010) pointed out that, to obtain the economies of scale, firms ought to develop and keep healthy internal organization, and should develop adaptability to the changing external environmental factors. In the opinion of Zhang Yuanzhi and Ma Mingxiao (2004) , the economies of scale come only from horizontal expansion, and vertical scale expansion can only result in diseconomies of scale. According to Zhang Huiming and Deng Ting (2002), for larger enterprises and SMEs alike, improving management capability is the foremost means to achieve economies of scale.
As most researchers have pointed out, however, the economies of scale may be affected by both internal and external environmental factors. Only by capitalizing on these factors can firms identify their adaptive size to obtain maximum interests.
Firm Size, Capital Structure and Performance
Most scholars are concerned about the source of enterprise financing. The financing of a firm may come either internally or externally. By internal financing, a firm uses its surplus funds as a source of financing, while a firm that finances its business externally is to use external funds and resources to support its operation. For most listed companies, their demand for large volume of funds make them more inclined to resort to use financial leverage, so these companies prefer external financing, which mostly is in the forms of debt financing or equity financing. Some scholars believe that, since equity financing involves the risk of losing control of the company, the majority of listed companies are more likely to use debt financing.
Since the groundbreaking MM model on capital structure, studies have introduced a variety of revisions to the capital structure theory. On the basis of the MM proposition, Robichek (1966) and Scott (1967) respectively introduced the trade-off theory, and Masulis (1983) , by his late version of the trade-off theory, proved with evidence that a firm's debt level is positively correlated with the firm's performance. The empirical study conducted by Bradley et al. (1984) shows that there is a negative correlation between firm debt and firm value. According to Jordan, Lower, and Taylor (1998), empirical evidence indicates a positive correlation between profitability and asset-liability ratio. The work by Hovakimian et al. (2004) finds that better operated firms have lower debt.
In China, most studies focus on the effect of debt financing on the performance of SMEs. For the applicability of corporate bond financing, Guo Bin (2005) pointed out that the bond financing is a highly demanding debt financing and more applicable to larger mature firms with lower debt level. Most scholars believe that bond financing will have positive effects on firms. For instance, Wang Hui (2003) finds that market will respond positively to a firm's bond issuing, and debt financing can signal the performance of the firm. He Ying and Zhang Dawei (2015) believe that debt financing by the listed companies in China reduces their agent costs and have positive governance effects on firm value. Meanwhile, scholars hold different opinions on the subsequent effects of bond financing on firm performance. Wang Feng (2007) , for example, argues that for listed traveling agencies, capital structure is significantly correlated with firm performance; high level financial leverage poses enormous financial risks, and firms should diversify their approaches to improving their performance. Zhang Tongbin (2012) also pointed out that asset-liability ratio, which represents business operation risk level and cash flow, has been significantly affecting the performance of China's listed high tech firms, and has more effects on firms with poorer performance. In addition, size has more restraining effect on listed high tech firms that have better performance. Lu and Lv (2012) find that there is an overall negative correlation between the capital structures of China's listed firms and their performance; after studying the relationship between debt financing and investment behavior, Tong et al. (2005) argue that debt level and investment scale of firms are negatively correlated. Chen and Li (1995) use their empirical study to demonstrate that firm performance is negatively correlated with its capital structure and firm size.
The current literature shows that it is still not conclusive on what kind of internal mechanism that plays an important part among firm size, debt financing, and firm performance. Moreover, due to data constraints, environment disparity, and difference in research methods, there are even conflicting findings in the existing literature.
Hypotheses Relationship between Firm Size and Firm Performance
Economies of scale are a natural result coming from both internal efforts and external effects. Modern volatile business environment and fierce competition make it common for high tech firms to be involved frequently in merger and acquisition. As firm development requires better market, management, and innovation factors, diseconomies of scale have become more commonplace. Since larger firm size demands stronger capabilities in management, innovation, and market expansion, firms are more vulnerable to macroeconomic policies, which makes it harder for firms to respond quickly to market changes. Meanwhile, larger firm size results in slow response in business operation, inefficient internal management, and higher costs, thus leading to the diseconomies of scale. The reduced costs and improved production efficiency brought about by larger size can no longer make up for the increased management costs and the loss suffered from slow response, and this will lead to poorer firm performance. On the basis of this logic, we propose Hypothesis 1. Hypothesis 1. Firm size and firm performance is negatively correlated, that is, the larger the size of an enterprise, the worse the performance of the enterprise.
Relationship among Firm Size, Capital Structure, and Firm Performance
Berger and Udell (1998) provided evidence showing that on other financing markets, large firms with established reputation are more likely to choose external debt financing market. As the firms get larger, it is easier for outsiders to make judgment of the quality of the firms so that these firms can easily obtain more debt financing opportunities. The reason for this is that firm size, to some extent, reflects the market share of the firm and the potential effects from economies of scale so that investors will be more willing to invest in large-size firms.
Firms, which operate with debt burdens, risk being involved in a debt crisis, and more debt entails higher business risks. Increased debt will restrain managers from making innovative decision, and debt constraints will result in declined firm performance. In sum, we hypothesize:
Hypothesis 2. Firm size is negatively correlated with firm performance, that is, the larger the size of an enterprise, the higher the debt-to-equity ratio.
Hypothesis 3. The capital structure of a firm acts as a mediator in the relationship between firm size and firm performance.
Moderator Role of R&D Investment
For high tech companies, R&D investment plays a moderator role in the relationship between firm size and capital structure. The reason for this is that high tech products tend to be highly homogeneous, and to avoid the price war for the product market, high tech firms will have to continuously introduce new products to seize more market shares. To be outstanding, firms need more innovations, which require R&D investment. Hence, R&D investment will positively promote firm size and capital structure. This can be stated in the following hypothesis:
Hypothesis 4. R&D investment plays a positive moderator role between firm size and capital structure.
We use data of A-share companies listed on the Main Board to conduct large-sample analysis of the effect of firm size on firm performance, controlling related factors for data analysis.
Model Design and Regression Analysis Sample Selection
According to the national classification of 12 high tech industries, we select 2012 -2014 data of three most representative A-share listed high tech industries, including electronics, bio-medicine, and computer industry. During the selection, we have eliminated the companies which are Specially Treated (ST, i.e. companies with two consecutive annual losses), with incomplete financial data, or with their shareholder composition unavailable, and finally obtained 504 sample observations. Both the financial data and the information of capital structures of the sample companies come from GTA Database.
Definition of Variables
Explained Variable. The explained variable (dependent variable) is the performance of the firms. By reviewing current related literature, we found that a large number of researchers use composite indicators to measure firm performance, and as the performance reflects the overall results in all aspects of business operations, we also use composite indicators in our study. We use seven indicators from four perspectives to assess firm performance so that the information on performance can be accurately represented. The descriptions and definitions of the indicators are listed in Table 1 . We apply principal component analysis (PCA) to each indicator as shown in Table 2 . Only three variables that have eigenvalue greater than 1, and 91.86% cumulative proportion of variance is explained by the first three variables. To identify the principal components and the contribution weight to performance, we apply main factor analysis to these eight indicators. As shown in Table 3 , Factor 1 is LIRA, which has an impact of 0.9995 on Factor 1. Similarly, we have identified that ROE and TCA are respectively Factor 2 and Factor 3. We, then, use maximum likelihood factor analysis to identify the contributions of the three main factors LIRA, ROE, and TCA to firm performance, that is, the weights of the three indicators, and the results are shown in Table 4 . According to the results of Table 1 through  Table 4 , we give the equation for firm performance. Let ROT be the composite firm performance, so that we have ROT = 0.3796 *LIRA + 0.4181 *ROE + 0.2023 *TCA. Explanatory variable. In our model, the explanatory variable (independent variable) is firm size, as we assume that the size of a firm will have impact on its business operation and capital structure, thereby affecting its performance. Most current literature uses the natural logarithm of total assets to measure the size of a company (Deesomsak et al., 2008; Zhu Hengpeng, 2006; Fu and, 1999 ), so we also adopt this measure.
Control variables. Ownership concentration (gd): Wei Xiye and Zhang Qiancheng (2014) believe that the degree of ownership concentration and firm performance are closely related. Since China's firms feature in centralized equity distribution and the dominance of single large owners, it is very important for us to control for ownership concentration when investigating the determinants of firm performance.
Increase rate of main business revenue (irbr): Considering the effectiveness of R&D, we add the increase rate of main business revenue (irbr) as a control variable. The increase rate of main business revenue can be obtained using the following equation: (Main business revenue in year t -Main business revenue in year t-1) / Main business revenue in year t-1, as shown in Table 5 . All the data used in this paper come from GTA Database, and STATA12.0 was used for data processing and analysis. The descriptive statistics for variables are shown in Table 6 . As Table 6 indicates, for all the sample companies, the mean of R&D investment to total assets ratio is 1.788178, the average debt/asset ratio 0.3339908, mean firm performance 1.889624, and average firm size 9.39804. The correlation and correlation coefficients between each variable are shown in Table 7 . According to Table 7 , firm size is negatively correlated with firm performance, and their correlation coefficient is -0.2032; firm capital structure is negatively correlated with firm performance, and their correlation coefficient is -0.5402; firm size is positively correlated with firm capital structure, and their correlation coefficient is 0.5422. Baron and Kenny (1986) introduced the hierarchical regression model that contains moderator and mediator variables, and the hierarchical regression model we use is as follows:
Model Design
0 1 2 3 rot lta gd irbr           (1) 0 1 2 3 4 rot dtra lta gd irbr             (2) 0 1 2 dtra lta rdta         (3) 0 1 2 3 dtra rdta * lta lta rdta          (4)
Regression Analysis and Design
Stationary Test. Using STATA12.0 to perform ADF unit root test over the data, the results shown in Table 8 demonstrate that z-values of the variables are less than the critical value, and
p-values are 0.00, indicating that there is no unit root and the data are stationary. Therefore, it is possible to perform hierarchical multiple linear regression with STATA12.0. Hierarchical Regression. The results in Table 9 show that firm size has a significant effect on firm performance and firm debt plays as a semi-mediator variable between firm size and firm performance, indicating that the empirical results are consistent with our hypotheses. Firm size has a significant effect on firm debt. The effect of R&D investment on capital structure is not significant, but in Model 4, the interaction term of firm size and R&D investment has a significant effect on capital structure. This indicates that R&D investment, when acting as a moderator variable, and firm size will jointly have an impact on firm's capital structure. In other words, R&D investment intensifies the effect of firm size on firm debt. This is consistent with our hypotheses. Hirschey et al. (1985) and Griliches (1987) had made it a common practice to use Tobin's Q to measure firm performance and value, which is to calculate the ratio between a firm's market value and its replacement value. The correlation between Q-value and the independent and mediator variables in Table 10 is as the same and equally significant as that between rot and the independent and mediator variables in Table 9 . Table 11 shows that the correlation between the independent variables and the mediator variables is still significant when using Tobin's Q, instead of rot, as an indicator for firm performance. Hence, the model is robust. 
Concluding Remarks
Conclusions
This paper investigates how capital structure acts as a mediator variable between firm size and firm performance, and finds out the following conclusions: (1) the operation of larger firms, particularly those in high tech industry, tends to be inefficient and results in diseconomies of scale. (2) Higher debt-to-equity ratio indicates higher financial leverage ratio and greater operation risk, and these debt crisis signals may affect firm performance. (3) R&D investment does have a moderator effect on firm's capital structure, and higher R&D investment will increase debt of larger firms.
Limitations and future research
Although we have successfully verified all the proposed hypotheses, there are several limitations in our assumptions of research design, and these limitations can be seen as the potential directions for future research: (1) we have only selected three representative industries, and the insufficient sample coverage indicates that many more companies that satisfy the definition of high tech industry can be selected for future fully-sampled research.
(2) In this study we analyzed the data A-share listed companies, but in fact, most A-share listed companies are large firms. In the future, research should not be limited to A-share firms, and data of SMEs can be included for categorical analysis concerning firm size. (3) The specification of some variables is relative simple, and sometimes fails to represent the full picture of the variable. Therefore, the model can be more convincing if it is further revised by using more composite indicators. (4) For the dimensions of the data, as we selected the panel data of 552 firms for only the period of 2012-2014, the data are less dimensional and there may be lags in the data. Future research is advised to use highly dimensional data.
